The aim of the present study was to evaluate the basic life support skills of doctors in a hospital resuscitation team and to identify potential factors affecting those skills. Twelve anesthesiology residents were induced in this study. Each doctor was asked to perform mouth-to-mouth ventilation for 10 minutes and then chest compression for another 10 minutes on a Laerdal Skillmeter Resusci-Anne manikin during the day (10 am) and at night (10 pm). The rates of correct ventilation, correct chest compression, ventilation errors (i.e., excessive inflation, stomach insufflation, insufficient ventilation), and compression errors (i.e., insufficient chest compression/decompression, excessive chest compression, incorrect hand placement) were determined for each 2-min interval up to 10 min. In addition, effects of sex, seniority, CPR duration, and time of day (day vs night) on those skills were assessed. The mean rates of correct ventilation were 53.3±23.9% (day) and 60.4±16% (night); the mean rates of correct chest compression, 76.9±15% (day) and 76.5±14.7% (night). During the first 2-minutes period of testing at night, men doctors more frequently achieved correct ventilation than did women doctors (p<0.05). Overall, the practical CPR skills of the study participants were not influenced by sex, seniority, CPR duration, or time of day; however, the participants' skills were poor. This suggests that all medical staff, especially members of in-hospital resuscitation teams, should undergo regular, periodic CPR training. basic life support skills; chest compression; mouth-to-mouth ventilation
Practical cardiopulmonary resuscitation (CPR) skills are essential for all members of an in-hospital resuscitation team. Recent European studies, however, have shown that the CPR skills of resuscitation team members, including doctors, are often poor (Tham et al. 1994; Bell et al. 1995; Gasco et al. 2000; Lavis et al. 2001; Chamberlain et al. 2002; Iirola et al. 2002) . The aim of the present study was to determine if this were true by evaluating the practical CPR skills of physician members of a resuscitation team in a Turkish university hospital and identifying factors affecting the performance of those skills.
MATERIALS AND METHODS
The present study was conducted in May 2003 at a 323-bed university hospital in Turkey. Approximately 150 cardiac arrests occur in the hospital each year. The hospital has an in-house resuscitation team that, at any time, consists of at least 2nd-; 3rd-, or 4th-year anesthesiology resident and a nurse from the intensive care unit (ICU) and a cardiologist and nurse from the cardiac care unit (CCU). Each anesthesiology resident works 6-9 night shifts a month, according to seniority (more senior residents work fewer night shifts).
Twelve anesthesiology residents belonging to the resuscitation team were included in the present study. Another 3 residents were excluded from the study because they were pregnant. The technical CPR skills of the study participants were tested on a Laerdal Skillmeter Resusci-Anne manikin connected to a performance testing monitor. In brief, each study participant was asked to perform mouth-to-mouth ventilation for 10 minutes and then, without taking a break, chest compression for another 10 minutes. Each participant was tested at 10 am and then again at 10 pm of the same day (during a night shift). During ventilation and chest compression, study participants were not informed of the quality of their efforts, nor were they allowed to see the performance testing monitor.
The number of instances of correct ventilation and common ventilation errors (i.e., excessive inflation, stomach insufflation, insufficient ventilation) by each participant were recorded at 2-minutes intervals during each testing period. So were the number of instances of correct chest compression and common chest-compression errors (i.e., insufficient chest compression or decompression, excessive chest compression, incorrect hand placement). The overall rates of correct ventilation, correct chest compression, and ventilation/compression errors were calculated. The effects of sex, seniority (1st-or 2nd-year residency (junior) vs. 3rd-or 4th-year residency [senior]), CPR duration, and time of day (day vs. night) on doctors' CPR skills were evaluated.
All data were presented as mean ± S.D. The data were analyzed by one-way ANOVA, pairedsample t-tests, and Pearson correlation tests as appropriate. A p values of <0.05 were considered significant.
RESULTS
The mean age of the 12 study participants (8 women, 4 men) was 28.2±2.5 years (range, 24-32 years).
The mean overall rates of correct ventilation were 53.3±23.9% during the day and 60.4±16% at night (Table 1) . These rates did not appear to be affected by CPR duration Interestingly, women doctors achieved correct ventilation more often than did men during daytime testing, whereas men achieved it more often than did women during the first 2-min interval of nighttime testing (Table 1 ). In the first case, the difference was not significant; in the second case, it was (p<0.05). The rates of ventilation errors (Table 3) did not appear to be affected by sex, seniority, or testing time (day or night).
The mean overall rates of correct chest compression were 76.9±15% during the day and 76.5 ±14.7% at night (Table 2) . These rates did not appear to be affected by CPR duration. Again, it was interesting to find that women doctors performed chest compression correctly more often than did men doctors during daytime testing, but that the opposite was true during nighttime test- ing. The differences, however, were not significant in either case. The rates of chest compression errors (Table 4) did not appear to be influenced by sex, seniority, or testing time (day or night).
DISCUSSION
The aim of the present study was to evaluate the practical CPR skills of doctors on an in-hospital resuscitation team and to assess the effects of CPR duration, sex, seniority, and testing time (day or night) on the performance of those skills. The main finding was that, in general, the practical skills of our study participants were poor. The overall rates of correct ventilation (53.3±23.9% during the day and 60.4±16% at night) and correct chest compression (76.9±15% during the day and 76.5±14.7% at night) were discouraging, although the compression rates were higher than the ventilation rates. Also of concern were the relatively high rates of ventilation/compression errors regardless of the time of day, including insufficient ventilation (24.1±12.1% during the day vs. 29.8±21.8% at night), stomach inflation (15.8±15.8% vs. 10.4±9.5%), and insufficient chest compression (13.0±8.4% vs. 11.2±8.2%).
Our present results are in agreement with those of several previous studies that documented the poor ventilation and chest compression skills of doctors (VanHoeyweghen et al. 1993; Tham et al. 1994; Bell et al. 1995; Gaallagher et al. 1995; Milander et al. 1995; Gasco et al. 2000; Lavis et Iirola et al. 2002) . Together, these observations have important implications because the quality of CPR skills correlates directly with successful resuscitation (Wik et al. 1994 ) and with improved survival (VanHoeyweghen 1993) . The participants in the present study all had been trained in basic and advanced life support according to European Resuscitation Council guidelines (AHA 2000) during their first 3 months of residency. Even though all had shown that they could ventilate patients with a bag-valve mask and successfully perform tracheal intubations during surgery or during actual clinical instances of CPR, all of them also had poor mouth-to-mouth ventilation skills. These results suggest that doctors at all levels of experience may benefit from regular, periodic training in basic life support skills. One issue raised but not addressed in the present study was that of how long a resuscitation team member should be expected to maintain peak performance of CPR skills during a cardiac resuscitation attempt. Performing mouth-tomouth ventilation and chest compression for extended periods require strength and stamina, which may vary widely from person to person. In the present study, all participants became exhausted according to the objective (i.e., sweating, tachycardia, tachipnea) and subjective (i.e., self-expression) signs of fatigue as they applied CPR to the manikin for the full 20-minutes testing period. Yet, because it is assumed that our study participants tried their best to administer CPR during the present study, it is possible that our results do not accurately reflect the real-world correlation between the duration of basic life support efforts and the ability of resuscitation team members to maintain such efforts over time. As pointed out in the Results section, there did appear to be some sex-related differences in the ability to correctly ventilate the test manikin. However, those differences were neither continuous over time or significant. In fact, the testing period seemed to be agreeable to all of our study participants since none complained of it being unreasonably long. Nevertheless, more detailed investigations are warranted to determine the optimal period during which medical staff and resuscitation team members should be expected to perform mouth-to mouth ventilation and chest compression. This, along with other strategies such as making CPR assist devices (e.g., external chest compression devices) more widely available to hospital staff, would likely guarantee standard resuscitation performance.
There is some debate about the success rate of CPR during night shifts. On one hand, there is evidence that it is lower than during the day (Gwinnutt et al. 2000) . On the other hand, there is evidence that immediate survival is not affected when permanent night staff have been adequately trained to perform in-hospital CPR (Cooper and Cade 1997) . Both lines of evidence, however, came from studies in humans, and until now, no study had evaluated the performance of nightshift resuscitation teams using a simulation manikin. In our study, our participants worked 6-9 night shifts a month according to their seniority and sometimes worked 32 hours in a row. Despite these overloaded working conditions, their performance of CPR skills was not adversely affected. The reasons for this are not clear and lie outside the scope of our present study. However, we can mention that all 12 participants were residents in the same clinic and had been divided into 2 groups (i.e., junior and senior). We can also surmise that, because the study was designed to be done using a manikin and to produce numeric scores for comparison, an element of competition among the residents may have been injected into the study. In that case, it is conceivable that the study participants may have been able to ignore any negative effects of working conditions on their performance in an attempt to obtain the best scores.
In conclusion, we found that the practical CPR skills of our study participants were not influenced by CPR duration, sex, seniority, or time of day (day or night), but that those skills were poor. This suggests that all medical staff, especially members of in-hospital resuscitation teams, should undergo regular, periodic CPR training.
